Tomoregulin-1 (TMEFF1) was ®rst identi®ed as a gene implicated in pituitary secretion in Xenopus laevis. The predicted structure of TMEFF1 is that of a transmembrane protein with a highly conserved cytoplasmic tail, two follistatin domains and one modi®ed EGF domain in its extracellular region. We report the cloning of the newt orthologue, and show that the expression of TMEFF1 is upregulated in the blastema during limb regeneration, and is also expressed in mouse embryonic limb development. q
Results and discussion
Tomoregulin-1 (TMEFF1) was identi®ed in a differential screen for molecules implicated in pituitary secretion in Xenopus laevis (Eib and Martens, 1996) . It was also found during mouse development in 8.5 days post-coitum (dpc) embryos in many tissues, and subsequently in the brain and sensory ganglia Eib et al., 2000) . The predicted structure of TMEFF1 is that of a transmembrane protein with a highly conserved cytoplasmic tail, an extracellular region containing two follistatin domains and one modi®ed EGF domain (Eib and Martens, 1996) .
We have independently isolated newt TMEFF1 in a differential screen for cDNAs regulated by retinoic acid during newt limb regeneration. When a distal regenerate is treated with retinoic acid it gives rise to a serial duplication of limb structures, re¯ecting respeci®cation to more proximal values (Maden, 1983) . The screen used RNA from the newt blastema, a mesenchymal growth zone which gives rise to the regenerate (Brockes, 1997) . Newt TMEFF1 was closely related to its orthologues (Fig. 1) , and the conservation of the cytoplasmic tail is noteworthy.
The expression of TMEFF1 was analyzed by RNase protection assays performed on samples from different newt tissues and from mesenchymal A1 cells (Ferretti and Brockes, 1988) and it was strongly upregulated in tail and limb blastemas (Fig. 2, lanes 2, 3, 7) . It was downregulated by 1.3-fold in a forelimb distal blastema from animals treated with 10 27 M retinoic acid (Ragsdale et al., 1993) (Fig. 2 , lanes 5, 6). In agreement with the data presented for Xenopus (Eib and Martens, 1996) , TMEFF1 shows strong expression in newt brain (Fig. 2, lane 11 ), but none in liver (Fig. 2 , lane 12).
TMEFF1 expression was analyzed by in situ hybridization with a digoxigenin-labelled antisense riboprobe. Transcripts were found in some myo®bre nuclei both in normal limb and limb blastema (Fig. 3a±c) . TMEFF1 expression was upregulated at 7±10 days post amputation in mesenchymal cells of the early blastema, but not in wound epidermis and cartilage ( Fig. 3d,e) . It remained elevated during mid and late stages of regeneration ( Fig. 3f±h ) but was downregulated at the onset of differentiation, and its expression in the regenerate was like that in normal limb (data not shown).
During mouse development, expression of TMEFF1 became restricted to brain and ganglia . We observed in addition that it is expressed in embryonic limbs at 11.5 and 12.5 dpc (Fig. 3i,j) . The majority of limb cells were observed to express TMEFF1 RNA (data not shown).
We analyzed the protein distribution in newt blastemas with an antibody to the follistatin modules (Eib and E-mail address: j.brockes@ucl.ac.uk (J.P. Brockes). Martens, 1996), and the antigen was in the blastemal cells but not in wound epidermis, in agreement with the in situ analysis (Fig. 4a) . It was present in most blastemal cells (Fig. 4b) . The issue of subcellular localization was addressed by transfecting COS-7 cells with the coding sequences for both GFP and TMEFF1. Live cells were incubated with the TMEFF1 antibody, and were speci®cally reactive as detected by immunocytochemistry (Fig. 4c,d ). Since the antibody only had access to the surface during the reaction with live cells, we conclude that this provides direct evidence for surface localization.
These results show that TMEFF1 expression is upregulated in the blastema during urodele limb regeneration, as well as being expressed during mouse limb development.
Materials and methods

Animals
Adult Notophtalmus viridescens were obtained from Charles D. Sullivan & Co. (Tennessee) and maintained as described (Ferretti and Brockes, 1988) .
Cloning of newt TMEFF1
The full-length sequence of TMEFF1 was obtained by successive anchor PCR reactions on a forelimb blastemal library.
RNase Protection assays and in situ hybridization
RNase protection analysis was performed as described (Cash et al., 1998 ) with a TMEFF1 fragment generated by PCR between oligonucleotides GTGTCTGCAAATATGG-CAGC and GCGATTGTGCAGTCCATCAT.
For in situ hybridization, probes were made as follow; newt TMEFF1 was obtained by PCR between oligonucleotides CGGGATCCTGGATGACGCATCTGATGT and CGGAATTCTGATAACGGCTCAGGG and cloned into pBluescript for the antisense and sense probes. The mouse TMEFF1 was obtained from the EST database (I.M.A.G.E. clone 2923177; Lennon et al., 1996) . The complete in situ hybridization with digoxygenin-UTP probes procedure was as described (Wilkinson and Nieto, 1993) . The newt sections were incubated at 378C with 20 mg/ml of proteinase K for 15 min. No signal was observed with sense probes (data not shown).
Immunohistochemistry and COS-7 cell transfections
For immunohistochemistry, blastemas were ®xed in 4% PFA in PBS for 30 min at 48C, equilibrated in 30% sucrose, before freezing and cryosectioning (12 mm). The sections were incubated overnight at 48C with the TMEFF1 antibody at 1:50 dilution, and reacted with TRITC-swine anti-rabbit IgG (DAKO).
TMEFF1 cDNA was cloned into IRESII (Clontech) and COS-7 cells were transfected with Lipofectamine (Gibco). After 48 h, live COS-7 cells were incubated for 1 h with the TMEFF1 antibody at 1:50 dilution in L15 with 5% goat serum. The cells were incubated with TRITC-swine antirabbit IgG (DAKO). Expression of GFP from the IRESII vector was used to detect transfected cells.
